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Abstract
Background: Beckwith–	Wiedemann	syndrome	(BWS)	is	a	rare	overgrowth	syn-
drome	characterized	by	congenital	malformations	and	predisposition	to	embryonic	
tumors.	Loss	of	methylation	of	imprinting	center	2	(IC2)	is	the	most	frequent	alter-
ation	and	rarely	associated	with	tumors	compared	to	paternal	uniparental	disomy	
of	chromosome	11	(UPD(11)pat)	and	gain	of	methylation	of	imprinting	center	1.
Methods: Our	study	aimed	to	describe	the	clinical,	histopathological	and	genetic	
characteristics	 of	 two	 patients	 and	 establish	 genotype-	phenotype	 correlations.	
The	clinical	diagnosis	was	based	on	the	criteria	defined	by	the	international	expert	
consensus	of	BWS.	Molecular	study	of	11p15.5 methylation	status	was	assessed	
using	methylation-	specific-	multiplex	ligation	probe	amplification	(MS-	MLPA).
Results: Patients	 were	 aged	 12  months	 and	 3  months	 and	 fulfilled	 the	 clini-
cal	score	of	BWS.	MS-	MLPA	showed	molecular	alterations	consisting	of	loss	of	
methylation	in	IC2	(IC2-	LOM)	at	the	maternal	allele	for	one	patient	and	a	mo-
saic	UPD(11)pat	for	the	second	patient	in	whom	follow-	up	at	6months	revealed	
adrenocortical	carcinoma	(ACC)	with	low	grade	of	malignancy.	Molecular	sub-
types	guide	the	follow-	up	and	tumor	surveillance,	our	major	concern.
Conclusion: We	have	to	take	into	account	the	psychological	impact	of	a	possible	
tumor	whatever	the	underlying	mechanism	is.	Nevertheless,	the	tumor	risk	remains	
high	for	UPD(11)pat.	Our	study	extended	the	phenotype	of	BWS	with	absence	of	
macrosomia	in	Tunisian	patients,	contrasting	with	literature,	and	added	a	supple-
mentary	case	of	ACC	in	the	tumor	spectrum	of	BWS	patients	with	UPD(11)pat.
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1 	 | 	 INTRODUCTION

Beckwith–	Wiedemann	syndrome	(BWS;	OMIM	#130650),	
first	 described	 in	 1963	 (Beckwith,	 1963;	 Wiedemann,	
1964),	is	a	constellation	of	clinical	manifestations	which	
may	 include	 macrosomia,	 macroglossia,	 abdominal	
wall	 defects,	 neonatal	 hypoglycemia,	 excessive	 lateral-
ized	 growth	 and	 predisposition	 to	 embryonic	 tumors	
(Engström	 et	 al.,	 1988;	Thorburn	 et	 al.,	 1970).	 Multiple	
epigenetic	 and/or	 molecular	 genetic	 mechanisms	 have	
been	described,	 resulting	 in	 the	deregulation	of	 the	 im-
printed	 genes	 of	 the	 11p15	 region:	 H19	 (*103280)	 and	
IGF2	 (*147470)	 in	 the	 telomeric	 domain,	 and	 CDKN1C	
(*600856),	 KCNQ1	 (*607542)	 and	 KCNQ1OT1	 (*604115)	
genes	 in	 the	 centromeric	 domain	 (Hatada	 et	 al.,	 1996;	
Henry	 et	 al.,	 1991;	 Reik	 et	 al.,	 1995;	 Weksberg	 et	 al.,	
2003).	These	genes	are	involved	in	cell	cycle	progression	
and	 growth	 control	 and	 regulated	 by	 two	 independent	
imprinting	centers	 (IC1/IC2).	The	most	 frequent	mech-
anism	 is	 a	 loss	 of	 IC2  methylation	 on	 the	 maternal	 al-
lele	 accounting	 for	 about	 50%	 of	 BWS	 cases	 (Brioude,	
Kalish,	et	al.,	2018).	The	international	consensus	of	2018	
established	a	clinical	score	with	cardinal	and	suggestive	
features	 and	 introduced	 a	 new	 terminology	 "Beckwith–	
Wiedemann	 spectrum"	 (Brioude,	 Kalish,	 et	 al.,	 2018).	
In	 the	 Tunisian	 population,	 the	 tumoral	 and	 genetic	
spectrum	of	BWS	remains	not	well	known.	To	our	best	
knowledge,	 only	 one	 Tunisian	 study	 was	 published	 on	
confirmed	 BWS	 with	 partial	 loss	 of	 methylation	 in	 im-
printing	center	2	in	a	45-	day-	old	girl	having	a	benign	ad-
renocortical	tumor	(H’mida	Ben-	Brahim	et	al.,	2015).	In	
our	study,	we	aim	to	report	the	clinical,	histopathological	
and	genetic	profile	of	two	Tunisian	patients	with	a	con-
firmed	BWS	and	discuss	genotype-	phenotype	correlation.

2 	 | 	 METHODS

2.1	 |	 Patients

We	conducted	a	retrospective	study,	between	January	2018	
and	December	2020,	including	patients	referred	to	the	de-
partment	of	Congenital	and	Hereditary	Diseases	at	Mongi	
Slim	 Hospital	 Marsa	 of	 Tunis,	 for	 polymalformative	 syn-
drome	suggestive	of	BWS.	We	collected	all	the	clinical	data	
related	to	this	syndrome	and	made	an	extensive	genetic	sur-
vey	for	each	patient.	The	World	Health	Organisation	charts	

were	 used	 to	 interpret	 growth	 parameters.	 (https://www.
who.int/tools/	child	-	growt	h-	stand	ards/stand	ards).	The	clin-
ical	diagnosis	was	based	on	criteria	defined	by	the	specific	
clinical	 score	 of	 BWS	 established	 by	 international	 expert	
consensus	in	2018	(Brioude,	Kalish,	et	al.,	2018).	The	clini-
cal	follow-	up,	at	Mongi	Slim	Hospital	Marsa	of	Tunis,	was	
also	 adapted	 according	 to	 the	 experts’	 recommendations	
(Brioude,	Kalish,	et	al.,	2018).

2.2	 |	 Histological and 
immunohistochemistry study

Histological	samples	of	the	left	adrenal	gland	were	ana-
lyzed.	 A	 macroscopic	 analysis	 was	 carried	 out	 on	 the	
postoperative	 specimen	 tissue,	 fixed	 in	 a	 4%	 formalin	
solution.	 After	 formalin	 fixation,	 the	 fragments	 were	
dehydrated	through	different	alcohols	and	then	the	al-
cohols	 were	 removed	 with	 xylene.	 After	 impregnation	
of	 the	 tissues	 with	 paraffin	 and	 rehydration,	 routine	
sections	(3 µm)	were	stained	with	standard	haematoxy-
lin	and	eosin	(HE).	Immunohistochemistry	study	using	
a	panel	of	antibodies	was	performed	on	formalin-	fixed-	
paraffin-	embedded	sections	(Table	S1).	After	revealing	
antigenic	 sites,	 endogenous	 peroxidase	 activity	 was	
blocked.	 The	 studied	 antibodies	 were	 revealed	 by	 the	
chromogen	diaminobenzidine	(DAB).	Slides	were	coun-
terstained	with	HE.	The	pediatric	score	used	to	classify	
adrenocortical	tumors	was	the	Wieneke	score	(Wieneke	
et	al.,	2003).

2.3	 |	 Genetic study

R-	banding	karyotype	on	lymphocytes	was	first	performed.	
Genomic	DNA	was	extracted	from	leukocytes	using	stand-
ard	proteinase-	K	extraction	protocol	(Miller	et	al.,	1988).	
The	BWS	epigenetic	alterations	in	11p15	region	(IC1	and	
IC2),	were	studied	with	the	SALSA	MS-	MLPA	Probemix	
specific	 kit	 (ME030-	C3	 BWS/RSS;	 MRC	 Holland,	
Amsterdam,	 Netherlands)	 according	 to	 the	 manufactur-
er's	protocol.	Copy	number	analysis	of	11p15	region	(H19	
(NR_002196.2),	 IGF2	 (NM_000612.5;	 NM_001127598.2),	
CDKN1C	 (NM_000076.2),	 KCNQ1	 (NM_000218.2)	 and	
KCNQ1OT1	 (NR_002728.3))	 was	 assessed	 by	 standard-
ized	 ratios	 of	 the	 fluorescence	 signal	 generated	 by	 the	
amplification	of	the	specific	probes	before	digestion	with	
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HhaI	 enzyme,	 using	 the	 ranges	 validated	 by	 this	 kit.	
Comparison	of	the	peaks	after	digestion	allowed	the	study	
of	the	methylation	status	in	11p15	region.

2.4	 |	 Literature review

A	 PubMed	 search	 using	 the	 keywords	 “Beckwith–	
Wiedemann	 syndrome”,	 “Beckwith–	Wiedemann	 expert	
consensus,”	 imparted	 articles	 of	 interest	 that	 were	 se-
lected	 considering	 the	 number	 of	 patients	 included,	 the	
confirmation	of	the	molecular	mechanisms	with	particu-
lar	selection	of	the	cohorts	with	cancers.

3 	 | 	 RESULTS

3.1	 |	 Clinical reports

Two	Tunisian	patients	suspected	of	BWS,	from	unrelated	
phenotypically	normal	young	parents	 (mean	age	at	con-
ception:	30 years),	from	spontaneous	pregnancy,	were	in-
volved.	The	family	history	was	negative	for	both	patients.

3.2	 |	 Patient 1 (P1)

The	 first	patient	was	a	12-	month-	old	girl.	The	antenatal	
follow-	up	revealed	an	omphalocele	of	3 cm	long	axis.	She	
was	born	at	36th	gestational	week	by	cesarean	section	with	
good	 adaptation	 to	 external	 life.	 Measurements	 at	 birth	

were	between	50	and	85	percentiles	 for	weight	(3100 g),	
between	90	and	97	percentiles	for	height	(50 cm)	and	be-
tween	 3rd	 and	 15th	 percentiles	 for	 head	 circumference	
(32.5  cm).	 The	 examination	 at	 birth	 found	 macroglos-
sia	 and	 omphalocele,	 without	 neonatal	 hypoglycemia.	
She	underwent	surgery	for	the	omphalocele	with	simple	
postoperative	 follow-	up.	 Psychomotor	 development	 was	
normal.

At	 genetic	 consultation,	 she	 had	 average	 weight	 and	
head	 circumference,	 height	 at	 +1.8  SD	 with	 left	 exces-
sive	lateralized	growth	(Figure	1.I.a).	She	had	dysmorphic	
features	(Figure	1.I.a-	f).	Cardiovascular	and	neurological	
examinations	were	normal.	There	was	no	visceromegaly.	
Skin	 examination	 revealed	 facial	 naevus	 simplex	 on	 the	
forehead,	 two	plane	centimetric	angiomas	on	the	thorax	
and	neck.

Trans-	fontanellar,	cardiac	and	abdominal	ultrasounds	
did	 not	 find	 abnormalities.	 Laboratory	 tests	 showed	 pe-
ripheral	 hypothyroidism	 and	 normal	 alpha-	fetoprotein	
(AFP)	level	(12.73 ng/mL).

3.3	 |	 Patient 2 (P2)

The	second	patient	was	a	3-	month-	old	boy.	The	antena-
tal	ultrasonographic	examination	showed	umbilical	her-
nia.	He	was	born	by	vaginal	delivery	at	37th	gestational	
week.	He	had	normal	measurements	at	birth	 for	weight	
(3180g,	 50	 percentiles);	 head	 circumference	 (34cm,	 50	
percentiles)	 and	 had	 height	 of	 46cm	 (3–	15	 percentiles).	
Birth	 examination	 revealed	 an	 isolated	 uncomplicated	

F I G U R E  1  Phenotype	of	patients.	Patient	1:	(a)	The	blue	arrows	show	the	discreet	left	lateralized	growth.	The	neck	was	short.	(b)	Facial	
dysmorphology:	thin	eyebrows,	mid-	face	hypoplasia,	depressed	nasal	root,	anteverted	nostrils,	short	columella,	long	philtrum,	thin	upper	
lip,	thick	everted	lower	lip	and	macroglossia.	(c,d)	Bilateral	ear	pits	highlighted	with	the	arrows.	(e,f)	She	had	clinodactyly	of	the	5th	toes,	
a	low	implantation	of	the	right	big	toe,	and	overlapping	of	the	2nd	and	3rd	right	toes.	Patient	2:	(a)	The	blue	arrows	show	the	discreet	right	
lateralized	growth.	(b)	Facial	dysmorphic	features:	thin	eyebrows,	long	eyelashes,	depressed	nasal	root,	bulbous	nose,	anteverted	nostrils,	
short	columella,	long	philtrum,	thin	lips	and	micrognathism.	(c)	The	arrow	shows	hypertrophy	of	the	right	hemi	tongue.	(d)	Umbilical	
hernia	measuring	2.5 cm	long	axis
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umbilical	hernia.	At	genetic	consultation,	he	had	normal	
anthropometric	 parameters	 with	 right	 lateralized	 body	
overgrowth	 (Figure	 1.II.a).	 Mild	 dysmorphic	 features	
were	 noted	 (Figure	 1.II.a-	d).	 Cardiac	 and	 abdominal	 ul-
trasounds	were	normal.	During	the	clinical	follow-	up,	at	
the	age	of	6 months,	P2 had	an	acute	abdominal	syndrome	
related	to	a	heterogeneous	and	finely	calcified	mass	in	the	
left	adrenal	gland,	suggestive	of	neuroblastoma	(Figure	2).	
He	was	operated	with	simple	postoperative	follow-	up.

3.4	 |	 Histological and 
immunohistochemistry results

In	patient	2,	gross	examination	of	the	surgical	specimen	of	
the	left	adrenal	gland	showed	an	encapsulated	nodule	of	

firm	consistency,	weighing	20 g	and	measuring	5x4x3 cm,	
with	focal	necrosis,	suspected	of	malignancy	(Figure	3).

Histological	 staining	showed	 tumor	proliferation	sur-
rounded	by	a	fibrous	capsule	of	variable	thickness	related	
to	partial	capsular	invasion	(Figure	4a-	b).	The	tumor	was	
arranged	in	cords	and	nests	(40%	of	tumor	surface)	with	
some	 trabecular	 and	 alveolar	 areas	 and	 foci	 of	 acellular	
fibrosis	 (Figure	 4c).	 Cellular	 density	 was	 moderate	 to	
marked.	Tumor	cells,	round	medium-	sized,	had	granular	
eosinophilic	cytoplasm	(Figure	4d-	e).	The	nuclei	had	mod-
erate	atypia	with	focal	presence	of	marked	anysokaryosis.	
The	 mitotic	 count	 was	 estimated	 at	 25  mitoses/20  high	
power	 fields	 (HPF;	 Figure	 4f).	 Foci	 of	 confluent	 tumor	
necrosis	were	estimated	at	20%	of	the	tumor	surface	with	
the	presence	of	focal	calcifications	(Figure	4g).	There	was	

F I G U R E  2  Computed	tomography	
scan	in	patient	2.	(A,B).	Heterogeneous	
and	finely	calcified	process	of	3.5 cm	long	
axis	in	left	adrenal	gland

F I G U R E  3  Macroscopic	study	of	left	adrenal	gland	process	in	patient	P2,	(a)	Fixed	tissue.	(b):	Cross	section	showing	micro-	nodular	
solid	appearance	of	the	process	with	hemorrhagic	and	necrotic	alterations
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neither	pericapsular	fat	invasion	nor	tumor	vascular	em-
boli.	The	residual	adrenal	gland	had	normal	morphology.

The	 special	 reticulin	 staining	 showed	 a	 disorganized	
reticulin	 network	 in	 the	 solid	 territories	 (Figure	 4h).	
In	 the	 immunohistochemical	 study	 (Figure	 4i-	l,	 Table	
S1),	 the	 tumor	 cells	 were	 positive	 for	 anti-	Melan	 A	 and	

anti-	Beta-	Catenin	antibodies	(Figure	4i,j).	Index	prolifera-
tion	Ki67	was	evaluated	at	20%	(Figure	4k).

The	 results	 of	 pathological	 examination	 and	 immu-
nohistochemical	 study	 concluded	 to	 left	 adrenocortical	
tumor	with	low	grade	of	malignancy	(Wienecke	score:	3)	
whose	surgical	excision	was	complete.

F I G U R E  4  Histological	and	immunohistochemistry	results	in	patient	P2.	(A)	Encapsulated	tumor;	(B)	Capsule	focally	and	partially	
invaded	(*);	(C)	Micro-	nodular	morphology;	(D)	Round	tumor	cells	(x400);	(E):	Cellular	atypia	(*);	(F):	Mitosis	(→);	(G):	Tumor	necrosis	
calcified	in	the	center;	(H)	Special	staining	of	reticulin:	disorganized	reticulinic	network	within	solid	territories	(*);	(I)	Cytoplasmic	staining	
with	anti-	Melan	A	antibody;	(J)	Nuclear	staining	with	anti-	beta-	catenin	antibody;	(K):	Nuclear	staining	with	anti-	Ki67	antibody;	(L):	
Cytoplasmic	staining	with	anti-	inhibin	antibody
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3.5	 |	 Genetic investigation

Both	 patients	 had	 normal	 chromosomal	 formula.	 MS-	
MLPA	 showed	 normal	 copy	 number	 in	 11p15.5	 region	
and	confirmed	the	diagnosis	of	BWS	by	loss	of	methyla-
tion	 in	IC2	(IC2-	LOM)	at	 the	maternal	allele	 for	P1	and	
a	mosaic	paternal	uniparental	disomy	of	chromosome	11	
[UPD(11)pat]	for	P2.	MS-	MLPA	on	parents’	blood	DNA	of	
the	two	families	was	normal.

4 	 | 	 DISCUSSION

4.1	 |	 Clinical study

This	work	represents	a	descriptive	study	of	two	Tunisian	
patients	fulfilling	the	clinical	score	of	BWS	that	has	been	
molecularly	confirmed.

Data	on	antenatal	ultrasounds	in	BWS	have	concluded	
to	 orientation	 signs	 mainly	 umbilical	 hernia	 (60%),	 om-
phalocele	 (50%–	80%),	 renal	 hypertrophy	 (65%)	 and	 hy-
dramnios	 (50%–	60%;	 Galerneau,	 2018).	 P1	 and	 P2  had	
prenatally	diagnosed	omphalocele	and	umbilical	hernia,	
respectively.	 In	 the	 recent	and	 large	European	cohort	of	
Barisic	 et	 al.,	 the	 mean	 gestational	 age	 was	 comparable	
in	boys	and	girls	born	alive	36.4 ± 3.4	amenorrhea	week	
with	prematurity	(<37	amenorrhea	week)	of	37%	(Barisic	
et	al.,	2018).	Spontaneous	prematurity	has	been	described	
in	P1 girl.	The	mean	maternal	and	paternal	age	was	 re-
spectively	29.6 ± 5.4	and	32.7 ± 6.4 years,	in	concordance	
to	our	data,	and	only	27%	of	fathers	were	under	30 years	
(Barisic	et	al.,	2018).	The	advanced	paternal	age	is	known	
to	 induce	 de novo	 mutations	 and	 epi-	genetic	 modifica-
tions,	particularly	abnormalities	of	the	parental	imprint	in	
the	spermatogonia.	Studies	indicate	that	age-	related	alter-
ation	in	sperm	DNA	methylation	in	elder	men	can	affect	
early	embryonic	development	(Simon	et	al.,	2014).	In	our	
study,	the	parents	were	young	at	the	time	of	conception.

The	diagnosis	of	BWS	was	suggested	at	12 months	in	
P1	and	at	3 months	in	P2.	Barisic	et	al.	(2018)	suspected	
BWS	 in	39.9%	cases	before	birth,	36.3%	at	birth,	7.6%	 in	
first	week	of	life	and	16.2%	in	the	first	year	of	life.	Duffy	
et	al.	 (2019)	had	concluded	that	diagnostic	confirmation	
was	 made	 in	 prenatal	 (9.4%),	 neonatal	 (45.3%)	 and	 be-
yond	28 days	 (45.3%),	without	any	significant	difference	
between	ethnic	groups	(p:	.377),	which	is	consistent	with	
our	patients,	where	the	diagnosis	of	BWS	was	suspected	
after	28 days	of	life.

The	mean	birth	weight	was	4006 ± 754 g	for	boys	and	
3766 ± 747 g	for	girls	(Barisic	et	al.,	2018).	In	our	study,	
our	patients	did	not	have	macrosomia.

The	type	and	frequency	of	major	congenital	anoma-
lies	related	to	BWS	in	our	patients	are	shown	in	Table	1	

compared	to	the	data	available	in	literature.	In	cardinal	
features,	macroglossia,	omphalocele	and	excessive	 lat-
eralized	growth	were	predominant,	 in	agreement	with	
our	patients.	The	main	suggestive	features	were	macro-
somia,	facial	naevus	simplex	and	ear	pits.	The	latter	two	
signs	were	not	constant	in	our	patients	(Table	1).

4.2	 |	 Genetic study

The	11p15	region	comprises	genes	organized	in	clusters,	
distributed	 in	 two	 functionally	 independent	 domains,	
regulated	 by	 2	 imprinting	 centers	 (IC1/IC2).	 H19	 and	
IGF2	 in	 the	 telomeric	 domain,	 and	 CDKN1C,	 KCNQ1	
and	 KCNQ1OT1  genes	 in	 the	 centromeric	 domain	 are	
controlled	by	IC1	and	IC2	respectively.	Differential	meth-
ylation	of	these	two	ICs	is	responsible	for	maternal	expres-
sion	of	the	H19,	KCNQ1	and	CDKN1C	genes	and	paternal	
expression	 of	 the	 IGF2	 and	 KCNQ1OT1  genes	 (Brioude,	
Kalish,	et	al.,	2018;	Choufani	et	al.,	2010).

DNA	 methylation	 abnormalities	 are	 the	 most	 in-
volved	mechanisms,	the	most	frequent	of	which	(~50%)	
is	 the	 loss	of	methylation	at	 the	IC2,	as	 is	 the	case	 in	
patient	1	(Brioude,	Kalish,	et	al.,	2018;	Choufani	et	al.,	
2010;	Eggermann	et	al.,	2014).	The	other	mechanisms	
are	estimated	as	follows:	segmental	UPD(11)pat	(20%)	
observed	 in	 P2,	 gain	 of	 methylation	 at	 maternal	 al-
lele	 in	 IC1	 (IC1-	GOM;	 5%–	10%),	 CDKN1C	 mutations	
in	5%	of	sporadic	cases	and	40%	of	 familial	cases	and	
chromosomal	 rearrangements	 (deletion,	 duplication)	
within	 chromosome	 11p15	 (<5%;	 Brioude,	 Kalish,	
et	al.,	2018).

4.3	 |	 (Epi)genotype- phenotype correlations 
in Beckwith– Wiedemann syndrome

There	 is	a	correlation	between	(epi)genotype	and	pheno-
type,	 hence	 the	 importance	 of	 determining	 the	 molecu-
lar	 mechanism	 in	 BWS.	 We	 compared	 the	 phenotype	 of	
our	 patients	 to	 that	 described	 in	 large	 cohorts	 (Brioude	
et	al.,	2013;	Ibrahim	et	al.,	2014;	Maas	et	al.,	2016;	Mussa,	
Molinatto,	et	al.,	2016;	Mussa,	Russo,	et	al.,	2016;	Table	2).	
IC2-	LOM	is	characterized	by	prematurity	(41.3%),	neona-
tal	and/or	postnatal	macrosomia	(52%–	58%),	facial	naevus	
simplex	 (50%–	75%),	 auricular	 abnormalities	 (50%–	75%),	
macroglossia	 (70%–	97%),	 umbilical	 hernia	 (55%–	67%)	
and	omphalocele	(30%–	91%;	Brioude	et	al.,	2013;	Ibrahim	
et	al.,	2014;	Maas	et	al.,	2016;	Mussa,	Molinatto,	et	al.,	2016;	
Mussa,	Russo,	et	al.,	2016;	Table	2).	While	UPD(11)pat	is	
characterized	 by	 neonatal	 macrosomia	 (64%–	87%),	 mac-
roglossia	 (69%–	86%),	 excessive	 lateralized	 growth	 (57%–	
85%),	 organomegaly	 (38%–	58%),	 absence	 of	 abdominal	
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T A B L E  2 	 Significant	(epi)genotype-	phenotype	correlations	(p < .05)	in	large	correlation	studies	in	Beckwith–	Wiedemann	syndrome	
(Brioude	et	al.,	2013;	Ibrahim	et	al.,	2014;	Maas	et	al.,	2016;	Mussa,	Russo,	et	al.,	2016)

Clinical features IC1- GOM UPD(11)pat IC2- LOM
CDKN1C 
mutation Study and p P1/P2

Prematurity 28.6% 18.1% 41.3% 62.5% Mussa	et	al.	p < .05 +/−

Hydramnios 3.8% 24.4% 71.8% ND Ibrahim	et	al.	p > .05 −/−

35.5% 14.9% 15.3% 0% Mussa	et	al.	p < .05

Neonatal	macrosomia 96.8% 64.4% 58.4% 40% Mussa	et	al.	p < .05 −/−

73.3% 87.5% 51.8% ND Maas	et	al.	p < .05

Postnatal	macrosomia 29.7% 8.2% 62.1% ND Ibrahim	et	al.	p > .05 −/−

45.2% 39.1% 56.3% 60% Mussa	et	al.	p < .05

Normal	growth 0% 24.1% 21.1% 40% Mussa	et	al.	p < .05 +/+

Excessive	lateralized	
growth

40% 81% 20.3% 3.1% Brioude	et	al.	p < .05 +/+

7.6% 57.3% 35.1% ND Ibrahim	et	al.	p < .05

45.2% 82.8% 45.8% 0% Mussa	et	al.	p < .05

57.9% 85.7% 33% ND Maas	et	al.	p < .05

Macroglossia 85.7% 86.2% 97.6% 93.9% Brioude	et	al.	p < .05 +/−

8.1% 22.5% 69.4% ND Ibrahim	et	al.	p < .05

90.3% 69% 88.4% 70% Mussa	et	al.	p < .05

85% 79.1% 86.2% ND Maas	et	al.	p > .05

Organomegaly 64.5% 58.3% 39.1% 19.2% Brioude	et	al.	p < .05 −/−

16.5% 38.3% 45.1% ND Ibrahim	et	al.	p < .05

67.7% 36.8% 27.9% 10% Mussa	et	al.	p < .05

35% 32% 24% ND Maas	et	al.	p > .05

Omphalocele 10% 13.2% 66.7% 71% Brioude	et	al.	p < .05 +/−

1.7% 6.9% 91.3% ND Ibrahim	et	al.	p < .05

9.7% 6.9% 30% 70% Mussa	et	al.	p < .05

0% 12.8% 32% ND Maas	et	al.	p < .05

Umbilical	hernia 28.6% 48.7% 67.1% 93.9% Brioude	et	al.	p < .05 −/+

10.8% 33.8% 55.4% ND Ibrahim	et	al.	p < .05

9.7% 18.4% 13.2% 0% Mussa	et	al.	p > .05

40% 42.1% 43.9% ND Maas	et	al.	p > .05

Diastasis	recti 23.8% 33.3% 42.9% ND Ibrahim	et	al.	p < .05 −/−

48.4% 23% 23.7% 0% Mussa	et	al.	p < .05

33.3% 23.5% 19.4% ND Maas	et	al.	p > .05

No	abdominal	defect 29% 51.7% 33.2% 30% Mussa	et	al.	p < .05 −/−

Facial	naevus	simplex 11.1% 29.7% 57% 24.1% Brioude	et	al.	p < .05 +/−

3.7% 21.1% 75.3% ND Ibrahim	et	al.	p < .05

22.6% 34.5% 48.4% 50% Mussa	et	al.	p < .05

15% 35.9% 53.4% ND Maas	et	al.	p < .05

Ear	creases	and/or	pits 27.3% 50% 65.4% 90.9% Brioude	et	al.	p < .05 +/−

6.8% 17.9% 75.3% ND Ibrahim	et	al.	p < .05

22.6% 39.1% 50.5% 60% Mussa	et	al.	p < .05

16% 60% 57% ND Maas	et	al.	p > .05

Renal	abnormalities 32.3% 26.4% 8.9% 20% Mussa	et	al.	p < .05 −/−

40% 44.7% 13.2% ND Maas	et	al.	p < .05

(Continues)
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defect	 (51.7%;	 Brioude	 et	 al.,	 2013;	 Ibrahim	 et	 al.,	 2014;	
Maas	 et	 al.,	 2016;	 Mussa,	 Molinatto,	 et	 al.,	 2016;	 Mussa,	
Russo,	et	al.,	2016;	Table	2).	The	phenotypic	particularity	
in	our	patients	was	the	absence	of	macrosomia,	contrasting	
with	 literature.	 In	 the	 Italian	series	of	Mussa,	Molinatto,	
et	al.	(2016),	Mussa,	Russo,	et	al.,	2016,	normal	growth	was	
reported	in	21.1%	of	cases	(p < .05;	Table	2).

The	 risk	 of	 malignancy	 in	 BWS,	 independent	 of	 the	
molecular	mechanism,	is	estimated	between	5%	and	15%,	
being	higher	at	birth	and	reaching	the	general	population	
before	the	onset	of	puberty	(Brioude,	Kalish,	et	al.,	2018;	
Rump	et	al.,	2005).	The	risk	of	malignant	and	benign	tu-
mors	is	about	1%–	3%	and	2.1%	respectively	in	IC2-	LOM.	
It	 is	 higher	 in	 IC1-	GOM	 (8.5%–	28%)	 and	 UPD(11)pat	
(6%–	17%;	Brioude	et	al.,	2013;	Ibrahim	et	al.,	2014;	Mussa,	
Molinatto,	et	al.,	2016;	Mussa,	Russo,	et	al.,	2016;	Table	2).

In	large	worldwide	cohorts	(total:	2,256),	where	tumor	
type	 has	 been	 correlated	 with	 molecular	 subtypes,	 the	
following	 tumor	 types	 have	 been	 identified	 in	 UPD(11)
pat	 (79/346):	 31  Wilms	 tumors,	 22  hepatoblastomas,	 8	
adrenocortical	 carcinomas,	 5	 neuroblastomas,	 3	 pheo-
chromocytomas,	3	nephroblastomas,	2 leukemias,	1 gan-
glioneuroma,	 1  hemangiotelioma,	 1  myopepithelial	 cell	
carcinoma,	 1	 pancreatoblastoma,	 and	 1	 rhabdomyosar-
coma	 (Alsultan	 et	 al.,	 2008;	 Bliek	 et	 al.,	 2004;	 Brioude	
et	al.,	2013;	Cöktü	et	al.,	2020;	Eltan	et	al.,	2020;	Gaston	
et	al.,	2001;	Hertel	et	al.,	2003;	H’mida	Ben-	Brahim	et	al.,	
2015;	 Ibrahim	 et	 al.,	 2014;	 Kim	 et	 al.,	 2019;	 Maas	 et	 al.,	
2016;	Mussa,	Molinatto,	et	al.,	2016;	Mussa,	Russo,	et	al.,	
2016;	 Sasaki	 et	 al.,	 2007;	 Weksberg	 et	 al.,	 2001;	 Wijnen	
et	al.,	2012;	Table	3).	This	underlines	the	great	variability	
of	tumor	types	in	this	molecular	subtype.

Adrenocortical	 tumors	were	also	reported	 in	 five	stud-
ies	by	IC2-	LOM	with	pauci-	symptomatic	presentation	and	
described	in	UPD(11)pat	in	large	studies	where	the	pheno-
type	was	not	well	reported	(Alsultan	et	al.,	2008;	Bliek	et	al.,	
2004;	Brioude	et	al.,	2013;	Cöktü	et	al.,	2020;	Eltan	et	al.,	
2020;	Gaston	et	al.,	2001;	Hertel	et	al.,	2003;	H’mida	Ben-	
Brahim	et	al.,	2015;	Ibrahim	et	al.,	2014;	Kim	et	al.,	2019;	
Maas	 et	 al.,	 2016;	 Mussa,	 Molinatto,	 et	 al.,	 2016;	 Mussa,	
Russo,	et	al.,	2016;	Sasaki	et	al.,	2007;	Weksberg	et	al.,	2001;	
Wijnen	et	al.,	2012;	Table	3).	Kim	et	al.	described	a	patient	
with	hemihypertrophy	and	macroglossia	related	to	UPD(11)
pat.	At	9 months,	he	developed	an	adrenocortical	tumor	of	
uncertain	malignant	potential	occurring	in	the	heterotopic	
adrenal	cortex	of	 liver	(Kim	et	al.,	2019).	The	age	at	diag-
nosis	of	the	adrenocortical	tumor	was	similar	in	the	study	
of	Cöktü	et	al.	(Cöktü	et	al.,	2020).	P2	with	the	UPD(11)pat	
had	low-	grade	adrenocortical	carcinoma	but	with	an	earlier	
onset.

Most	 methylation	 changes	 in	 BWS	 patients	 are	 pres-
ent	in	a	mosaic	state.	These	patients	are	somatic	mosaics	
having	normally	methylated	cells	and	cells	with	a	loss	of	
methylation	at	the	IC2/gain	of	methylation	at	the	IC1	or	a	
UPD(11)pat.	As	this	mosaicism	might	be	restricted	to	cer-
tain	tissue	types,	this	could	explain	the	different	severity	
of	clinical	signs	between	patients	(Brioude,	Kalish,	et	al.,	
2018;	Wang	et	al.,	2020;	Wang,	Xiao,	et	al.,	2020).

These	data	highlight	that	the	majority	of	patients	did	
not	exhibit	complete	phenotypic	features	of	BWS,	unlike	
our	patients.	Pathologists	should	suggest	to	look	for	BWS	
in	 all	 cases	 of	 apparently	 sporadic	 and	 isolated	 adreno-
cortical	tumor	in	the	paediatric	population	(Wijnen	et	al.,	
2012).

Clinical features IC1- GOM UPD(11)pat IC2- LOM
CDKN1C 
mutation Study and p P1/P2

Urethral	abnormalities 22.6% 6.9% 4.2% 10% Mussa	et	al.	p < .05 −/−

Hypoglycemia 32.4% 60.5% 40.2% 37.5% Brioude	et	al.	p < .05 −/−

8.5% 28.9% 62.7% ND Ibrahim	et	al.	p > .05

35.5% 34.5% 31.6% 20% Mussa	et	al.	p > .05

46.2% 66.7% 62.9% ND Maas	et	al.	p > .05

Malignant	tumors 28.6% 17.3% 3.1% 8.8% Brioude	et	al.	p < .05 −/+

8.5% 6.7% 0.9% ND Ibrahim	et	al.	p < .05

25.8% 14.9% 1.6% 0% Mussa	et	al.	p < .05

31.6% 13.6% 2.6% ND Maas	et	al.	p = (−)

Benign	tumors 12.9% 6.9% 2.1% 0% Mussa	et	al.	p < .05 −/−

Note: Bold	value	indicates	p	value	<	.05.
CDKN1C	(NM_000076.2).
Abbreviations:	(−),	absent;	(+),	present;	IC1-	GOM,	gain	of	methylation	in	imprinting	center	1;	IC2-	LOM,	loss	of	methylation	in	imprinting	center	2;	ND,	not	
determined;	p,	p	value;	UPD(11)pat,	Paternal	uniparental	disomy	of	chromosome	11.

T A B L E  2 	 (Continued)
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4.4	 |	 Tumor surveillance

The	 aim	 was	 to	 improve	 the	 survival	 of	 these	 patients	
and	reduce	morbidity	through	early	detection	of	tumors.	
Different	parameters	are	taken	into	account,	such	as	me-
dian	age	at	tumor	onset,	tumor	doubling	time	indicating	
the	monitoring	interval,	the	histological	type,	the	tumor	
grade,	 surgical	 resection	 and	 the	 molecular	 subtype	 in	
BWS	 (Brioude,	 Kalish,	 et	 al.,	 2018;	 Maas	 et	 al.,	 2016;	
Table	S2).

The	excessive	lateralized	growth,	described	in	our	pa-
tients,	 and	 nephromegaly	 have	 been	 correlated	 with	 a	
higher	risk	of	developing	tumor	in	BWS,	but	without	sta-
tistically	significant	difference	(Maas	et	al.,	2016).

In	IC2-	LOM,	overall	tumor	risk	is	very	low	(2.6%)	with	
the	particularity	of	early	onset	(11 months)	of	Wilms	tu-
mors.	Contrary	to	UPD(11)pat	which	risk	is	intermediate	
between	 IC2-	LOM	 and	 IC1-	GOM	 (Brioude,	 Hennekam,	

et	al.,	2018;	Brioude,	Kalish,	et	al.,	2018;	Maas	et	al.,	2016).	
Thus,	 the	BWS	 international	consensus	group	suggested	
that	 abdominal	 ultrasound	 and	 AFP	 measurements	 are	
appropriate	 for	 the	 most	 at-	risk	 molecular	 subgroups	 of	
BWS	which	are	IC1-	GOM	and	UPD(11)pat	but	did	not	rec-
ommend	it	in	IC2-	LOM	(Brioude,	Hennekam,	et	al.,	2018;	
Brioude,	Kalish,	et	al.,	2018).	The	American	Association	
for	Research	in	Cancer	(AACR)	adopted	a	risk	threshold	
of	1%	for	 tumor	surveillance	and	 therefore	recommends	
tumor	screening	for	all	cases	of	BWS	spectrum,	given	the	
family	 psychological	 impact	 and	 the	 anticipatory	 anxi-
ety	of	a	new	tumor	(Brioude,	Kalish,	et	al.,	2018;	Kalish	
et	al.,	2017).	The	decision	of	tumor	monitoring	can	thus	
be	discussed	 in	multidisciplinary	concertation	meetings,	
particularly	 the	 case	 of	 P2,	 where	 surgical	 excision	 was	
considered	complete	with	a	low	grade	of	malignancy	not	
indicating	 adjuvant	 treatment.	 Regular	 monitoring	 has	
been	proposed	(Brioude,	Kalish,	et	al.,	2018).

T A B L E  3 	 Tumor	type	in	loss	of	methylation	in	imprinting	center	2	and	paternal	uniparental	disomy	[UPD(11)pat]	in	large	worldwide	
cohorts	and	literature	review	of	adrenocortical	tumors	in	these	molecular	subtypes	of	Beckwith–	Wiedemann	syndrome.

Studies Cohort
Tumors in 
UPD(11)pat

Tumor type in UPD(11)
pat

Tumors in 
IC2- LOM

Tumor type in 
IC2- LOM

Weksberg	et	al.	(2001) 125 6/21 H	(1);	W	(5) 5/35 H	(2);	G	(1);	R	(2)

Gaston	et	al.	(2001) 97 6/11 GG	(1);	Ph	(1);	W	(4) 1/45 T	(1)

Hertel	et	al.	(2003) 1 —	 —	 1/1 A	(1)

Bliek	et	al.	(2004) 66 9/13 A	(1);	H	(1);	L	(1);
N	(1);	Ph	(1);	W	(4)

2/27 H	(1);	T	(1)

Sasaki	et	al.	(2007) 47 2/7 H	(2) 1/15 R	(1)

Alsultan	et	al.	(2008) 1 —	 —	 1/1 A	(1)

Wijnen	et	al.	(2012) 2 —	 —	 2/2 A	(2)

Brioude	et	al.	(2013) 407 17/81 A	(2);	H	(2);	L	(1);
N	(1);	R	(1);	W	(10)

8/257 H	(2);	M	(1);	N	(2);
R	(1);	S	(1);	T	(1)

Ibrahim	et	al.	(2014) 637 8/16 A	(1);	H	(5);	W	(2) 3/288 H	(1);	R	(1);	W	(1)

Mussa,	Russo,	et	al.	(2016) 318 13/87 A	(1);	H	(5);	Hg	(1);
N	(2);	P	(1);	W	(3)

4/190 N	(2);	R	(1);	g	(1)

H’mida	Ben-	Brahim	et	al.	(2015) 1 —	 —	 1/1 Ab	(1)

Maas	et	al.	(2016) 229 6/44 H	(1);	My	(1);	Ph	(1);	W	(3) 3/114 H	(1);	W	(2)

Kim	et	al.	(2019) 1 1/1 A	(1) —	 —	

Cöktü	et	al.	(2020) 321 10/64 A	(1);	H	(5);	N	(1);	Np	(3) 3/208 As	(1);	H	(1);	W	(1)

Eltan	et	al.	(2020) 1 —	 —	 1/1 A	(1)

Our	study 2 1/1 A	(1) —	 —	

Total 2,256 79/346 A	(8);	GG	(1);	H	(22);
Hg	(1);	L	(2);	My	(1);
N	(5);	Np	(3);	Ph	(3);
P	(1);	R	(1);	W	(31)

36/1,185 A	(5);	Ab	(1);	As	(1);	H	
(8);	M	(1);	N	(4);

G	(1);	g	(1);	R	(6);
S	(1);	T	(3);	W	(4)

Abbreviations:	(—	),	not	applied;	A,	adrenocortical	carcinoma;	Ab,	benign	adrenocortical	tumor;	As,	astrocytoma;	g,	germinoma;	G,	gonadoblastoma;	
GG,	ganglioneuroma;	H,	hepatoblastoma;	Hg,	Hemangiotelioma;	IC2-	LOM,	loss	of	methylation	in	imprinting	center	2;	L,	leukemia;	M,	melanoma;	My,	
Myopepithelial	cell	carcinoma;	N,	neuroblastoma;	Np,	nephroblastoma;	P,	Pancreatoblastoma;	Ph,	pheochromocytoma;	R,	rhabdomyosarcoma;	S,	sarcoma;	T,	
thyroid	carcinoma;	UPD(11)pat,	Paternal	uniparental	disomy	of	chromosome	11;	W,	Wilms	Tumor.
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4.5	 |	 Genetic counselling and 
prenatal diagnosis

Various	molecular	mechanisms	are	associated	with	differ-
ent	 risks	 of	 recurrence	 and	 prognoses.	 For	 our	 patients,	
the	risk	of	recurrence	is	low	(<1%;	Brioude,	Kalish,	et	al.,	
2018).	For	the	subsequent	pregnancies,	we	proposed	a	me-
ticulous	ultrasound	follow-	up,	 the	detection	of	maternal	
serum	increase	in	AFP	in	the	second	trimester	and	amnio-
centesis	 for	 fetal	karyotype	and	MS-	MLPA	within	11p15	
region,	in	case	of	suggestive	ultrasound	signs	(Eggermann	
et	al.,	2016;	Wang,	Kupa,	et	al.,	2020;	Wang,	Xiao,	et	al.,	
2020).	The	prenatal	diagnosis	of	BWS	is	difficult	owing	to	
the	 mosaïcism	 and	 the	 risk	 of	 contamination	 by	 mater-
nal	cells	(Brioude,	Kalish,	et	al.,	2018;	Wang,	Kupa,	et	al.,	
2020;	Wang,	Xiao,	et	al.,	2020).

5 	 | 	 CONCLUSIONS

Regardless	of	the	molecular	mechanism,	we	insist	on	the	
close	 follow-	up	 of	 patients	 with	 BWS.	 We	 have	 shown	
that	 the	 phenotype	 in	 BWS	 was	 extended	 with	 the	 ab-
sence	of	macrosomia	 in	both	patients	and	added	a	well-	
documented	case	of	 low-	grade	adrenocortical	carcinoma	
in	the	tumor	spectrum	in	a	BWS	patient	with	UPD(11)pat.	
We	 have	 to	 consider	 BWS	 in	 case	 of	 embryonic	 tumors	
and	 in	 apparently	 isolated	 adrenocortical	 tumors	 in	 the	
pediatric	 population.	 The	 international	 databases	 listing	
phenotypic	 data	 and	 molecular	 mechanisms	 concerning	
BWS	 remain	 necessary	 given	 some	 exceptional	 and	 un-
common	cases	and	to	raise	further	awareness	for	BWS	to	
enhance	early	diagnosis	and	tumor	surveillance.

ETHICS COMPLIANCE
This	 study	 was	 approved	 by	 the	 local	 ethics	 committee	
of	Mongi	Slim	Hospital.	Parents	of	the	probands	signed	a	
consent	for	genetic	studies	and	publication	of	the	medical	
information.	No	animal	study	was	done	in	this	work.

ACKNOWLEDGMENTS
We	thank	the	families	for	participation	and	the	genetic	de-
partments	for	their	technical	support.

CONFLICTS OF INTEREST
The	authors	declare	no	conflict	of	interest.

AUTHOR CONTRIBUTIONS
Guarantor	of	integrity	of	the	entire	study:	Hela	Sassi	(MD),	
Yasmina	 Elaribi	 (MD),	 Houweyda	 Jilani	 (MD),	 Lamia	
BenJemaa	(MD).	Study	concepts	and	design:	Hela	Sassi	(MD),	
Yasmina	Elaribi	(MD),	Houweyda	Jilani	(MD).	Literature	re-
search:	Hela	Sassi	 (MD).	Clinical	studies:	Hela	Sassi	 (MD),	

Yasmina	Elaribi	(MD),	Houweyda	Jilani	(MD),	Imen	Rejeb	
(PhD),	 Syrine	 Hizem	 (MD),	 Molka	 Sebai	 (MD),	 Nadia	
Kasdallah	(MD),	Habib	Bouthour	(MD).	Experimental	stud-
ies:	Samia	Hannachi	(MD),	Dorra	H’mida	Ben-	Brahim	(MD),	
Ali	Saad	 (MD),	 Jasmin	Beygo	 (PhD),	Karin	Buiting	 (PhD).	
Data	analysis:	Hela	Sassi	(MD).	Statistical	analysis:	N/A	(not	
apply).	Manuscript	preparation:	Hela	Sassi	(MD).	Manuscript	
editing:	Hela	Sassi	(MD),	Yasmina	Elaribi	(MD),	Houweyda	
Jilani	(MD),	Dorra	H’mida	Ben-	Brahim	(MD),	Jasmin	Beygo	
(PhD),	Karin	Buiting	(PhD).	All	authors	read	and	approved	
the	final	version	of	this	manuscript	as	submitted.

ORCID
Hela Sassi  	https://orcid.org/0000-0002-8999-929X	
Jasmin Beygo  	https://orcid.org/0000-0002-6238-0382	

REFERENCES
Alsultan,	 A.,	 Lovell,	 M.	 A.,	 Hayes,	 K.	 L.,	 Allshouse,	 M.	 J.,	 &	

Garrington,	T.	P.	(2008).	Simultaneous	occurrence	of	right	ad-
renocortical	 tumor	 and	 left	 adrenal	 neuroblastoma	 in	 an	 in-
fant	 with	 Beckwith-	Wiedemann	 syndrome.	 Pediatric Blood & 
Cancer,	51(5),	695–	698.	https://doi.org/10.1002/pbc.21694

Barisic,	 I.,	 Boban,	 L.,	 Akhmedzhanova,	 D.,	 Bergman,	 J.	 E.	 H.,	
Cavero-	Carbonell,	 C.,	 Grinfelde,	 I.,	 Materna-	Kiryluk,	 A.,	
Latos-	Bieleńska,	 A.,	 Randrianaivo,	 H.,	 Zymak-	Zakutnya,	 N.,	
Sansovic,	 I.,	 Lanzoni,	 M.,	 &	 Morris,	 J.	 K.	 (2018).	 Beckwith-	
Wiedemann	 syndrome:	 A	 population-	based	 study	 on	 preva-
lence,	prenatal	diagnosis,	associated	anomalies	and	survival	in	
Europe.	European Journal of Medical Genetics,	61(9),	499–	507.	
https://doi.org/10.1016/j.ejmg.2018.05.014

Beckwith,	J.	B.	(1963).	Extreme	cytomegaly	of	the	adrenal	fetal	cor-
tex,	 omphalocele,	 hyperplasia	 of	 kidneys	 and	 pancreas,	 and	
leydig-	cell	 hyperplasia:	 Another	 syndrome.	 West Society for 
Pediatric Research,	11(2):123–	130.

Bilgin,	 B.,	 Kabaçam,	 S.,	 Taşkıran,	 E.,	 Şimşek-	Kiper,	 P.	 Ö.,	 Alanay,	
Y.,	Boduroğlu,	K.,	&	Utine,	G.	E.	(2018).	Epigenotype	and	phe-
notype	 correlations	 in	 patients	 with	 Beckwith-	Wiedemann	
syndrome.	 The Turkish Journal of Pediatrics,	 60(5),	 506–	513.	
https://doi.org/10.24953/	turkj	ped.2018.05.006

Bliek,	J.,	Gicquel,	C.,	Maas,	S.,	Gaston,	V.,	le	Bouc,	Y.,	&	Mannens,	M.	
(2004).	Epigenotyping	as	a	tool	for	the	prediction	of	tumor	risk	
and	 tumor	 type	 in	 patients	 with	 Beckwith-	Wiedemann	 syn-
drome	 (BWS).	 Journal of Pediatrics,	 145(6),	 796–	799.	 https://
doi.org/10.1016/j.jpeds.2004.08.007

Brioude,	 F.,	 Hennekam,	 R.,	 Bliek,	 J.,	 Coze,	 C.,	 Eggermann,	 T.,	
Ferrero,	G.	B.,	Kratz,	C.,	Bouc,	Y.	L.,	Maas,	S.	M.,	Mackay,	D.	
J.	G.,	Maher,	E.	R.,	Mussa,	A.,	&	Netchine,	I.	(2018).	Revisiting	
Wilms	 tumour	 surveillance	 in	 Beckwith-	Wiedemann	 syn-
drome	 with	 IC2	 methylation	 loss,	 reply.	 European Journal of 
Human Genetics,	26(4),	471–	472.	https://doi.org/10.1038/s4143	
1-	017-	0074-	2

Brioude,	F.,	Kalish,	J.	M.,	Mussa,	A.,	Foster,	A.	C.,	Bliek,	J.,	Ferrero,	
G.	B.,	Boonen,	S.	E.,	Cole,	T.,	Baker,	R.,	Bertoletti,	M.,	&	Cocchi,	
G.	 (2018).	 Clinical	 and	 molecular	 diagnosis,	 screening	 and	
management	 of	 Beckwith-	Wiedemann	 syndrome:	 An	 inter-
national	 consensus	 statement.	 Nature Reviews Endocrinology,	
14(4),	229–	249.

https://orcid.org/0000-0002-8999-929X
https://orcid.org/0000-0002-8999-929X
https://orcid.org/0000-0002-6238-0382
https://orcid.org/0000-0002-6238-0382
https://doi.org/10.1002/pbc.21694
https://doi.org/10.1016/j.ejmg.2018.05.014
https://doi.org/10.24953/turkjped.2018.05.006
https://doi.org/10.1016/j.jpeds.2004.08.007
https://doi.org/10.1016/j.jpeds.2004.08.007
https://doi.org/10.1038/s41431-017-0074-2
https://doi.org/10.1038/s41431-017-0074-2


   | 13 of 14SASSI et al.

Brioude,	 F.,	 Lacoste,	 A.,	 Netchine,	 I.,	 Vazquez,	 M.-	P.,	 Auber,	 F.,	
Audry,	 G.,	 Gauthier-	Villars,	 M.,	 Brugieres,	 L.,	 Gicquel,	 C.,	
Le	 Bouc,	 Y.,	 &	 Rossignol,	 S.	 (2013).	 Beckwith-	Wiedemann	
syndrome:	 Growth	 pattern	 and	 tumor	 risk	 according	 to	 mo-
lecular	 mechanism,	 and	 guidelines	 for	 tumor	 surveillance.	
Hormone Research in Paediatrics,	 80(6),	 457–	465.	 https://doi.
org/10.1159/00035	5544

Carrera,	I.	A.,	Martínez-	Frías,	M.	L.,	Jimeno,	J.	E.,	Martínez,	M.	J.	
G.,	 Sánchez,	 C.	 E.	 C.,	 &	 Sánchez,	 E.	 B.	 (1999).	 Wiedemann-	
Beckwith	 syndrome:	 Clinical	 and	 epidemiological	 analysis	
of	a	consecutive	series	of	cases	in	Spain.	Anales Espanoles De 
Pediatria,	50(2),	161–	165.

Choufani,	 S.,	 Shuman,	 C.,	 &	 Weksberg,	 R.	 (2010).	 Beckwith-	
Wiedemann	syndrome.	American Journal of Medical Genetics 
C Seminars in Medical Genetics,	154(3),	343–	354.

Cöktü,	 S.,	 Spix,	 C.,	 Kaiser,	 M.,	 Beygo,	 J.,	 Kleinle,	 S.,	 Bachmann,	 N.,	
Kohlschmidt,	N.,	Prawitt,	D.,	Beckmann,	A.,	Klaes,	R.,	Nevinny-	
Stickel-	Hinzpeter,	C.,	Döhnert,	S.,	Kraus,	C.,	Kadgien,	G.,	Vater,	
I.,	Biskup,	S.,	Kutsche,	M.,	Kohlhase,	J.,	Eggermann,	T.,	…	Kratz,	
C.	 P.	 (2020).	 Cancer	 incidence	 and	 spectrum	 among	 children	
with	 genetically	 confirmed	 Beckwith-	Wiedemann	 spectrum	 in	
Germany:	A	retrospective	cohort	study.	British Journal of Cancer,	
123(4),	619–	623.	https://doi.org/10.1038/s4141	6-	020-	0911-	x

Correa,	A.	R.	E.,	Mishra,	P.,	Kabra,	M.,	&	Gupta,	N.	(2020).	Epigenetic	
Abnormalities	 of	 11p15.5	 region	 in	 Beckwith-	Wiedemann	 syn-
drome	–		a	report	of	eight	Indian	cases.	Indian Journal of Pediatrics,	
87(3),	175–	178.	https://doi.org/10.1007/s1209	8-	019-	03148	-	3

DeBaun,	 M.	 R.,	 Niemitz,	 E.	 L.,	 McNeil,	 D.	 E.,	 Brandenburg,	 S.	
A.,	 Lee,	 M.	 P.,	 &	 Feinberg,	 A.	 P.	 (2002).	 Epigenetic	 alter-
ations	 of	 H19	 and	 LIT1	 distinguish	 patients	 with	 Beckwith-	
Wiedemann	syndrome	with	cancer	and	birth	defects.	American 
Journal of Human Genetics,	 70(3),	 604–	611.	 https://doi.
org/10.1086/338934

Duffy,	 K.	 A.,	 Sajorda,	 B.	 J.,	 Yu,	 A.	 C.,	 Hathaway,	 E.	 R.,	 Grand,	 K.	 L.,	
Deardorff,	M.	A.,	&	Kalish,	J.	M.	(2019).	Beckwith-	Wiedemann	syn-
drome	in	diverse	populations.	American Journal of Medical Genetics 
Part A,	179(4),	525–	533.	https://doi.org/10.1002/ajmg.a.61053

Eggermann,	T.,	Algar,	E.,	Lapunzina,	P.,	Mackay,	D.,	Maher,	E.	R.,	
Mannens,	M.,	Netchine,	I.,	Prawitt,	D.,	Riccio,	A.,	Temple,	I.	K.,	
&	Weksberg,	R.	(2014).	Clinical	utility	gene	card	for:	Beckwith-	
Wiedemann	syndrome.	European Journal of Human Genetics,	
22(3),	435–	439.	https://doi.org/10.1038/ejhg.2013.132

Eggermann,	 T.,	 Brioude,	 F.,	 Russo,	 S.,	 Lombardi,	 M.	 P.,	 Bliek,	 J.,	
Maher,	 E.	 R.,	 Larizza,	 L.,	 Prawitt,	 D.,	 Netchine,	 I.,	 Gonzales,	
M.,	 Grønskov,	 K.,	 Tümer,	 Z.,	 Monk,	 D.,	 Mannens,	 M.,	
Chrzanowska,	 K.,	 Walasek,	 M.	 K.,	 Begemann,	 M.,	 Soellner,	
L.,	 Eggermann,	 K.,	 …	 Lapunzina,	 P.	 (2016).	 Prenatal	 molecu-
lar	 testing	 for	 Beckwith-	Wiedemann	 and	 Silver-	Russell	 syn-
dromes:	A	challenge	for	molecular	analysis	and	genetic	coun-
seling.	 European Journal of Human Genetics,	 24(6),	 784–	793.	
https://doi.org/10.1038/ejhg.2015.224

Elliott,	 M.,	 Bayly,	 R.,	 Cole,	 T.,	 Temple,	 I.	 K.,	 &	 Maher,	 E.	 R.	
(1994).	 Clinical	 features	 and	 natural	 history	 of	 Beckwith-	
Wiedemann	 syndrome:	 Presentation	 of	 74	 new	 cases.	
Clinical Genetics,	 46(2),	 168–	174.	 https://doi.org/10.1111/
j.1399-	0004.1994.tb042	19.x

Eltan,	M.,	Ates,	E.	A.,	Cerit,	K.,	Menevse,	T.	S.,	Kaygusuz,	S.	B.,	Eker,	
N.	et	al	(2020).	Adrenocortical	carcinoma	in	atypical	Beckwit-	
Wiedemann	syndrome	due	to	loss	of	methylation	at	imprinting	
control	region	2.	Pediatric Blood & Cancer,	67(1),	242–	245.

Engström,	 W.,	 Lindham,	 S.,	 &	 Schofield,	 P.	 (1988).	 Wiedemann-	
Beckwith	 syndrome.	 European Journal of Pediatrics,	 147(5),	
450–	457.	https://doi.org/10.1007/BF004	41965

Galerneau,	F.	(2018).	Beckwith- Wiedemann syndrome: Obstetric im-
aging: Fetal diagnosis and care,	2nd	ed.	Elsevier.

Gaston,	V.,	Le	Bouc,	Y.,	Soupre,	V.,	Burglen,	L.,	Donadieu,	J.,	Oro,	
H.,	 Audry,	 G.,	Vazquez,	 M.-	P.,	 &	 Gicquel,	 C.	 (2001).	 Analysis	
of	the	methylation	status	of	the	KCNQ1OT	and	H19	genes	in	
leukocyte	 DNA	 for	 the	 diagnosis	 and	 prognosis	 of	 Beckwith-	
Wiedemann	syndrome.	European Journal of Human Genetics,	
9(6),	409–	418.	https://doi.org/10.1038/sj.ejhg.5200649

Hatada,	I.,	Ohashi,	H.,	Fukushima,	Y.,	Kaneko,	Y.,	Inoue,	M.,	Komoto,	
Y.,	Okada,	A.,	Ohishi,	S.,	Nabetani,	A.,	Morisaki,	H.,	Nakayama,	
M.,	Niikawa,	N.,	&	Mukai,	T.	(1996).	An	imprinted	gene	p57KIP2	
is	mutated	in	Beckwith-	Wiedemann	syndrome.	Nature Genetics,	
14(2),	171–	173.	https://doi.org/10.1038/ng109	6-	171

Henry,	 I.,	Bonaiti-	Pellié,	C.,	Chehensse,	V.,	Beldjord,	C.,	Schwartz,	
C.,	 Utermann,	 G.,	 &	 Junien,	 C.	 (1991).	 Uniparental	 paternal	
Disomy	 in	 a	 genetic	 cancer-	predisposing	 syndrome.	 Nature,	
351(6328),	665–	667.	https://doi.org/10.1038/351665a0

Hertel,	N.	T.,	Carlsen,	N.,	Kerndrup,	G.,	Pedersen,	I.	L.,	Clausen,	N.,	
Hahnemann,	J.,	&	Jacobsen,	B.	B.	(2003).	Late	relapse	of	adreno-
cortical	carcinoma	in	Beckwith-	Wiedemann	syndrome.	Clinical,	
endocrinological	 and	 genetic	 aspects.	 Acta Paediatrica,	 92(4),	
439–	443.	https://doi.org/10.1111/j.1651-	2227.2003.tb005	75.x

H'mida	 Ben-	Brahim,	 D.,	 Hammami,	 S.,	 Haddaji	 Mastouri,	 M.,	
Trabelsi,	 S.,	 Chourabi,	 M.,	 Sassi,	 S.,	 Mougou,	 S.,	 Gribaa,	 M.,	
Zakhama,	 A.,	 Guédiche,	 M.	 N.,	 &	 Saad,	 A.	 (2015).	 Partial	
KCNQ1OT1	hypomethylation:	A	disguised	familial	Beckwith-	
Wiedemann	 syndrome	 as	 a	 sporadic	 adrenocortical	 tumor.	
Applied & Translational Genomics,	 4,	 1–	3.	 https://doi.
org/10.1016/j.atg.2014.10.001

Ibrahim,	A.,	Kirby,	G.,	Hardy,	C.,	Dias,	R.	P.,	Tee,	L.,	Lim,	D.,	Berg,	
J.,	 MacDonald,	 F.,	 Nightingale,	 P.,	 &	 Maher,	 E.	 R.	 (2014).	
Methylation	analysis	and	diagnostics	of	Beckwith-	Wiedemann	
syndrome	 in	 1,000	 subjects.	 Clinical Epigenetics,	 6(1),	 11–	21.	
https://doi.org/10.1186/1868-	7083-	6-	11

Kalish,	J.	M.,	Doros,	L.,	Helman,	L.	J.,	Hennekam,	R.	C.,	Kuiper,	R.	
P.,	Maas,	S.	M.,	Maher,	E.	R.,	Nichols,	K.	E.,	Plon,	S.	E.,	Porter,	
C.	C.,	Rednam,	S.,	Schultz,	K.	A.	P.,	States,	L.	J.,	Tomlinson,	G.	
E.,	Zelley,	K.,	&	Druley,	T.	E.	(2017).	Surveillance	recommen-
dations	for	children	with	overgrowth	syndromes	and	predispo-
sition	 to	 Wilms	 tumors	 and	 hepatoblastoma.	 Clinical Cancer 
Research,	 23(13),	 115–	122.	 https://doi.org/10.1158/1078-	0432.
CCR-	17-	0710

Kim,	E.	N.,	Song,	D.	E.,	Yoon,	H.	M.,	Lee,	B.	H.,	&	Kim,	C.	J.	(2019).	
Adrenal	 cortical	 neoplasm	 with	 uncertain	 malignant	 poten-
tial	 arising	 in	 the	 heterotopic	 adrenal	 cortex	 in	 the	 liver	 of	 a	
patient	 with	 Beckwith-	Wiedemann	 syndrome.	 Journal of 
Pathology and Translational Medicine,	53(2),	129–	135.	https://
doi.org/10.4132/jptm.2018.11.13

Lin,	H.	Y.,	Chuang,	C.	K.,	Tu,	R.	Y.,	Fang,	Y.	Y.,	Su,	Y.	N.,	Chen,	C.	
P.,	&	Lin,	S.	P.	(2016).	Epigenotype,	genotype,	and	phenotype	
analysis	of	patients	in	Taiwan	with	Beckwith-	Wiedemann	syn-
drome.	 Molecular Genetics and Metabolism,	 119(1–	2),	 8–	13.	
https://doi.org/10.1016/j.ymgme.2016.07.003

Luk,	 H.	 M.	 (2017).	 Clinical	 and	 molecular	 characterization	 of	
Beckwith-	Wiedemann	 syndrome	 in	 a	 Chinese	 population.	
Journal of Pediatric Endocrinology & Metabolism,	30(1),	89–	95.	
https://doi.org/10.1515/jpem-	2016-	0094	[PubMed:	27977403]

https://doi.org/10.1159/000355544
https://doi.org/10.1159/000355544
https://doi.org/10.1038/s41416-020-0911-x
https://doi.org/10.1007/s12098-019-03148-3
https://doi.org/10.1086/338934
https://doi.org/10.1086/338934
https://doi.org/10.1002/ajmg.a.61053
https://doi.org/10.1038/ejhg.2013.132
https://doi.org/10.1038/ejhg.2015.224
https://doi.org/10.1111/j.1399-0004.1994.tb04219.x
https://doi.org/10.1111/j.1399-0004.1994.tb04219.x
https://doi.org/10.1007/BF00441965
https://doi.org/10.1038/sj.ejhg.5200649
https://doi.org/10.1038/ng1096-171
https://doi.org/10.1038/351665a0
https://doi.org/10.1111/j.1651-2227.2003.tb00575.x
https://doi.org/10.1016/j.atg.2014.10.001
https://doi.org/10.1016/j.atg.2014.10.001
https://doi.org/10.1186/1868-7083-6-11
https://doi.org/10.1158/1078-0432.CCR-17-0710
https://doi.org/10.1158/1078-0432.CCR-17-0710
https://doi.org/10.4132/jptm.2018.11.13
https://doi.org/10.4132/jptm.2018.11.13
https://doi.org/10.1016/j.ymgme.2016.07.003
https://doi.org/10.1515/jpem-2016-0094


14 of 14 |   SASSI et al.

Maas,	S.	M.,	Vansenne,	F.,	Kadouch,	D.	J.	M.,	Ibrahim,	A.,	Bliek,	J.,	
Hopman,	S.,	Mannens,	M.	M.,	Merks,	J.	H.	M.,	Maher,	E.	R.,	&	
Hennekam,	 R.	 C.	 (2016).	 Phenotype,	 cancer	 risk,	 and	 surveil-
lance	in	Beckwith-	Wiedemann	syndrome	depending	on	molecu-
lar	genetic	subgroups.	American Journal of Medical Genetics Part 
A,	170(9),	2248–	2260.	https://doi.org/10.1002/ajmg.a.37801

Martínez,	 R.	 M.,	 Martínez-	Carboney,	 R.,	 Ocampo-	Campos,	 R.,	
Rivera,	H.,	Castillo,	J.	G.	P.,	Cuevas,	A.,	&	Martín	Manrique	M.	
C.	 (1992).	 Wiedemann-	Beckwith	 syndrome:	 Clinical,	 cytoge-
netical	and	radiological	observations	in	39	new	cases.	Genetic 
Counseling.,	3(2),	67–	76.

Miller,	S.	A.,	Dykes,	D.	D.,	&	Polesky,	H.	F.	(1988).	A	simple	salting	out	
procedure	for	extracting	DNA	from	human	nucleated	cells.	Nucleic 
Acids Research,	16(3),	1215.	https://doi.org/10.1093/nar/16.3.1215

Moreno-	Salgado,	 R.,	 García-	Delgado,	 C.,	 Cervantes-	Peredo,	
A.,	 García-	Morales,	 L.,	 Martínez-	Barrera,	 L.	 E.,	 Peñaloza-	
Espinosa,	 R.	 et	 al	 (2013).	 Clinical	 profile	 of	 a	 patient	 cohort	
with	 Beckwith-	Wiedemann	 syndrome	 treated	 at	 the	 hospital	
infantil	de	méxico	federico	gómez	(2007–	2012).	Boletín Médico 
Del Hospital Infantil De México,	70(2),	166–	173.

Mussa,	 A.,	 Molinatto,	 C.,	 Baldassarre,	 G.,	 Riberi,	 E.,	 Russo,	 S.,	
Larizza,	L.,	Riccio,	A.,	&	Ferrero,	G.	B.	 (2016).	Cancer	risk	 in	
Beckwith-	Wiedemann	 syndrome:	 A	 systematic	 review	 and	
meta-	analysis	 outlining	 a	 novel	 (epi)genotype	 specific	 histo-
type	targeted	screening	protocol.	Journal of Pediatrics,	176(3),	
142–	149.	https://doi.org/10.1016/j.jpeds.2016.05.038

Mussa,	 A.,	 Russo,	 S.,	 De	 Crescenzo,	 A.,	 Chiesa,	 N.,	 Molinatto,	 C.,	
Selicorni,	A.,	Richiardi,	L.,	Larizza,	L.,	Silengo,	M.	C.,	Riccio,	
A.,	&	Ferrero,	G.	B.	(2013).	Prevalence	of	Beckwith-	Wiedemann	
syndrome	in	north	west	of	Italy.	American Journal of Medical 
Genetics Part A,	161A(10),	2481–	2486.	https://doi.org/10.1002/
ajmg.a.36080

Mussa,	A.,	Russo,	S.,	De	Crescenzo,	A.,	Freschi,	A.,	Calzari,	L.,	Maitz,	
S.,	Macchiaiolo,	M.,	Molinatto,	C.,	Baldassarre,	G.,	Mariani,	M.,	
Tarani,	 L.,	 Bedeschi,	 M.	 F.,	 Milani,	 D.,	 Melis,	 D.,	 Bartuli,	 A.,	
Cubellis,	M.	V.,	Selicorni,	A.,	Cirillo	Silengo,	M.,	Larizza,	L.,	…	
Ferrero,	G.	B.	(2016).	(Epi)genotype–	phenotype	correlations	in	
Beckwith-	Wiedemann	syndrome.	European Journal of Human 
Genetics,	24(2),	183–	190.	https://doi.org/10.1038/ejhg.2015.88

Pettenati,	M.	J.,	Haines,	J.	L.,	Higgins,	R.	R.,	Wappner,	R.	S.,	Palmer,	
C.	G.,	&	Weaver,	D.	D.	(1986).	Wiedemann-	Beckwith	syndrome:	
Presentation	of	clinical	and	cytogenetic	data	on	22	new	cases	
and	review	of	the	literature.	Human Genetics,	74(2),	143–	154.	
https://doi.org/10.1007/BF002	82078

Reik,	W.,	Brown,	K.	W.,	Schneid,	H.,	Le	Bouc,	Y.,	Bickmore,	W.,	&	Maher,	
E.	R.	(1995).	Imprinting	mutations	in	the	Beckwith-	Wiedemann	
syndrome	suggested	by	altered	imprinting	pattern	in	the	IGF2-	H19	
domain.	Human Molecular Genetics,	4(12),	2379–	2385.

Rump,	P.,	Zeegers,	M.	P.	A.,	&	Van	Essen,	A.	J.	(2005).	Tumor	risk	in	
Beckwith-	Wiedemann	syndrome:	A	review	and	meta-	analysis.	
American Journal of Medical Genetics Part A,	 136(1),	 95–	104.	
https://doi.org/10.1002/ajmg.a.30729

Sasaki,	 K.,	 Soejima,	 H.,	 Higashimoto,	 K.,	 Yatsuki,	 H.,	 Ohashi,	 H.,	
Yakabe,	S.,	Joh,	K.,	Niikawa,	N.,	&	Mukai,	T.	(2007).	Japanese	and	
North	American/European	patients	with	Beckwith-	Wiedemann	
syndrome	have	different	frequencies	of	some	epigenetic	and	ge-
netic	alterations.	 European Journal of Human Genetics,	15(12),	
1205–	1210.	https://doi.org/10.1038/sj.ejhg.5201912

Simon,	L.,	Murphy,	K.,	Shamsi,	M.	B.,	Liu,	L.,	Emery,	B.,	Aston,	K.	
I.,	 Hotaling,	 J.,	 &	 Carrell,	 D.	 T.	 (2014).	 Paternal	 influence	 of	

sperm	DNA	integrity	on	early	embryonic	development.	Human 
Reproduction,	 29(11),	 2402–	2412.	 https://doi.org/10.1093/
humre	p/deu228

Thorburn,	 M.	 J.,	 Wright,	 E.	 S.,	 Miller,	 C.	 G.,	 &	 Smith-	Read,	 E.	 H.	
(1970).	Exomphalos-	macroglossia-	gigantism	syndrome	in	jamai-
can	 infants.	 American Journal of Diseases of Children,	 119(4),	
316–	321.	https://doi.org/10.1001/archp	edi.1970.02100	05031	8006

Wang,	K.	H.,	Kupa,	J.,	Duffy,	K.	A.,	&	Kalish,	J.	M.	(2020).	Diagnosis	
and	 management	 of	 Beckwith-	Wiedemann	 syndrome.	
Frontiers in Pediatrics,	 7,	 562–	574.	 https://doi.org/10.3389/
fped.2019.00562

Wang,	R.,	Xiao,	Y.,	Li,	D.,	Hu,	H.,	Li,	X.,	Ge,	T.,	Yu,	R.,	Wang,	Y.,	&	
Zhang,	T.	 (2020).	 Clinical	 and	 molecular	 features	 of	 children	
with	Beckwith-	Wiedemann	syndrome	in	china:	A	single-	center	
retrospective	cohort	study.	Italian Journal of Pediatrics,	46(1),	
55–	62.	https://doi.org/10.1186/s1305	2-	020-	0819-	3

Weksberg,	 R.,	 Nishikawa,	 J.,	 Caluseriu,	 O.,	 Fei,	 Y.	 L.,	 Shuman,	
C.,	 &	 Wei,	 C.	 (2001).	 Tumor	 development	 in	 the	 Beckwith-	
Wiedemann	syndrome	is	associated	with	a	variety	of	constitu-
tional	molecular	11p15	alterations	including	imprinting	defects	
of	KCNQ1OT1.	Human Molecular Genetics,	10(26),	2989–	3000.	
https://doi.org/10.1093/hmg/10.26.2989

Weksberg,	 R.,	 Smith,	 A.	 C.,	 Squire,	 J.,	 &	 Sadowski,	 P.	 (2003).	
Beckwith-	Wiedemann	 syndrome	 demonstrates	 a	 role	 for	 epi-
genetic	 control	 of	 normal	 development.	 Human Molecular 
Genetics,	12(1),	61–	68.	https://doi.org/10.1093/hmg/ddg067

Weng,	E.	Y.,	Moeschler,	J.	B.,	&	Graham,	J.	M.	(1995).	Longitudinal	
observations	 on	 15	 children	 with	 Wiedemann-	Beckwith	 syn-
drome.	American Journal of Medical Genetics,	56(4),	366–	373.	
https://doi.org/10.1002/ajmg.13205	60405

Wiedemann,	H.	R.	(1964).	Familial	malformation	complex	with	um-
bilical	hernia	and	macroglossia	-		a	“new	syndrome”?	Journal de 
Genetique Humaine,	13(1),	223–	232.

Wieneke,	J.	A.,	Thompson,	L.	D.	R.,	&	Heffess,	C.	S.	(2003).	Adrenal	
cortical	neoplasms	in	the	pediatric	population:	A	clinicopatho-
logic	and	immunophenotypic	analysis	of	83	patients.	American 
Journal of Surgical Pathology,	 27(7),	 867–	881.	 https://doi.
org/10.1097/00000	478-	20030	7000-	00001

Wijnen,	M.,	Alders,	M.,	Zwaan,	C.	M.,	Wagner,	A.,	&	Heuvel-	Eibrink,	
M.	M.	V.	D.	(2012).	KCNQ1OT1	hypomethylation:	A	novel	dis-
guised	genetic	predisposition	in	sporadic	pediatric	adrenocorti-
cal	tumors?	Pediatric Blood & Cancer,	59(3),	565–	566.

SUPPORTING INFORMATION
Additional	Supporting	Information	may	be	found	online	
in	the	Supporting	Information	section.

How to cite this article:	Sassi,	H.,	Elaribi,	Y.,	Jilani,	
H.,	Rejeb,	I.,	Hizem,	S.,	Sebai,	M.,	Kasdallah,	N.,	
Bouthour,	H.,	Hannachi,	S.,	Beygo,	J.,	Saad,	A.,	
Buiting,	K.,	H’mida	Ben-	Brahim,	D.,	&	BenJemaa,	L.	
(2021).	Beckwith–	Wiedemann	syndrome:	Clinical,	
histopathological	and	molecular	study	of	two	
Tunisian	patients	and	review	of	literature.	Molecular 
Genetics & Genomic Medicine,	9, e1796.	https://doi.
org/10.1002/mgg3.1796

https://doi.org/10.1002/ajmg.a.37801
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1016/j.jpeds.2016.05.038
https://doi.org/10.1002/ajmg.a.36080
https://doi.org/10.1002/ajmg.a.36080
https://doi.org/10.1038/ejhg.2015.88
https://doi.org/10.1007/BF00282078
https://doi.org/10.1002/ajmg.a.30729
https://doi.org/10.1038/sj.ejhg.5201912
https://doi.org/10.1093/humrep/deu228
https://doi.org/10.1093/humrep/deu228
https://doi.org/10.1001/archpedi.1970.02100050318006
https://doi.org/10.3389/fped.2019.00562
https://doi.org/10.3389/fped.2019.00562
https://doi.org/10.1186/s13052-020-0819-3
https://doi.org/10.1093/hmg/10.26.2989
https://doi.org/10.1093/hmg/ddg067
https://doi.org/10.1002/ajmg.1320560405
https://doi.org/10.1097/00000478-200307000-00001
https://doi.org/10.1097/00000478-200307000-00001
https://doi.org/10.1002/mgg3.1796
https://doi.org/10.1002/mgg3.1796

